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Biodegradable compounds including poly(lactic aj^id) polymer coinpositi|ons and 

products 



FIELD OF THE INVENTION 

The present invention relates to biodegradable polymer 
acid) and co-polyester polymer with adipic acid conjpounded 
peroxide. In addition, the present invention also relates 
compositions. 



compositions comprising 

with silicate 
tfc) products made on the 



BACKGROUND OF THE INVENTION 
Packaging material and disposable beakers, cups and cijtlcry 
allow that food material may be sold and/or consum sd 
disposable materials and objects are highly estimated 
since they may be simply disposed after use and do not 
conventional dishes, glasses or cutlery. 



Yet, the widespread and even growing use of such 
20 Utter produced each day. Currently, the plastic 
incinerators or accumulates in refiise dumps, witii both 
waste disposal being associated with problems foi" the 



Thu5, there is a need in the art to obviate the above 
25 combine the advantages of currently used plastics 
pollution. 



For preparing the above mentioned items several 
in the state of the art and comprise materials 



are used nowadaj^ 
under hygienic 
by the consumers and 
have to be washed anc 



materials result in a mountihg amount of 
wdste is either providec to garbage 
of the above-mentioned solutions for 



environment. 



problem and to provide materials, which 
material and do not add to Environmental 



biode gradable polymers are 
on tie basis of e.g. polyO 



poly(lactic 
and organic 
basis of said 



widely and 
conditions. Such 
the retailers, 
cleaned like 



already known 
lycolic acid), 
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poly(epsiloii-caprolactone), poly(lactic acid), and 
polymers is, however, rather cumbersome and expensive, 
mainly restricted to high value medical applications 
biodegradable resins have been used in applications su 
made them un-affordable by the consumers. 



30 



polyd|ioxanone. The product 
so that the xise thereol 
bioabsoibable 
zh as described above 



requ nng 



An object of the present invention is thus to provide a 
degraded in a natural environment in a time period which 
to the Time period required for the degradation of 
polyethylene. In a controlled environment such as a 
allow biodegradation in period of time not to exceed 
set by the US specification set by ASTM (ASTM 6400 
should also enable production of bags, bottles or cutlery, 
respective purpose. 



composition, which 
is significantly shorter 
convcJitional plastic materials 
c<j)mposting site the 
days, one of die time 
D99), Moreover, such a 
exhibiting desired 



1S3 



These and other objects which will become apparent 
of the present invention, which provides a composition, 
% by weight of poly(lactic acid) polymer, between 0.5 
polymer with adipic acid, and between 2% and 20% 
the total weight of the biodegradable composition. 



SUMMARY OF THE INVENTION 



A composition of the present invention is 
environmental conditions, such as composting, which 
that may be measured by standard methods appropriate 
a period of time that determines its classification- For 
process *at controls the biological decomposition 
materials into humus-Uke substance called compost: th(j 
degradation of organic matter to make compost; 
decomposable material through a controlled process 



on of these 
is presently 
materials. A few 
3Ut cost has 



composition is 
as compared 
such as e.g. 
combosition will 
requirements 
composition 
for the 



proj ernes : 



fro^n the subsequent detailed 
which comprises 
and 35 % by weight o: 
magnesium silicate, each 



biodegradable when exposed 
vdll result in a loss of so 
to the plastic and in tlie 
instance composting 
nd transformation of 
aerobic mesophilic an( 
the transformation o 
>f biooxidation that 



description 
betwe|en 40 and 97 
co-polyester 
the basis of 



cn 



to specific 
me properties 
application in 
is a managed 
3iodegradable 
thermophilic 
biologically 
through 



proceed 
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mesophilic and thermophilic phases and results in the 
minerals, and stabihzed organic matter (compost 
Consequently all main components, polyOactic acid) 
degraded to small organic fragments which will create 
introduce any hazard or heavy metals into soil. 



production of carbon 
or humus) (ASTM 
an(i poly(epsilon caprolact 
siabilized organic matter 



As a result, objects made from the composition of the 
a further increase of refuse dumps, on the contrary will 
such as compost, while such objects simultaneously 
objects highly estimated by the consumers and prod 
according to the present invention may be disposed 
and have not to be transported to a location where 
objects made from a composition according to tlie 
that objects thrown away in parks or at the beach will 
time. However this invention should not be publicize as 



pr(^sent invention will not 

allow creation of orgaAic 
provide all advantages c 
ucter. Objects made of a 
use, are essentially oi 
have to be cleaned 
invention provide 
degrade and will vani^i 
It license to litter the en\ 



after 
they 



present 



Moreover, a composition according to the present 
partially from renewable sources, when desired. In add 
present invention may be adapted to various processing 



Also, the compositions according to the present 
inherent to poly(lactic acid) and provide improvemenis 
production costs and heat resistance along with improve i 



25 DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a biodegradable plastii 
pertains to a degradable plastic in which the degradatic 
occurring microorganisms such as bacteria, fungi, and 
30 designed to undergo a significant change in its 
environmental conditions, resulting in a loss of some 



didxide, water, 
Ijerminology) 
one) will be 
and will not 



contribute to 
fertilizers 
f disposable 
composition 
lightweight, 
ii particular, 
advantage 
after some 
ironment. 



tie 



invention may be produced 
tion, a composition ac 
methods known in the 



inver](tion provide physical 
with respect to the 
flexibility and ductilitV. 



. The term " 
n results from the 
ajlgae. A degradable 
chemical structure 
properties that may be 



plasti 



completely or 
cording to the 



ait, 



jTOperties not 
f rocessability, 



biodegraiable plastic'' 
actiob of naturally 
ic is a plastic 
uhder specific 
measured by 
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standard tests methods appropriate to the plastic and the 
detennines its classification. Depending on the 
composition and the dimensions of the object made 
time period required for a degradation will vary and 
Generally, the time span for biodegradation will be si; 
required for a degradation of objects made from 
same diinensions, such as e.g. polyethylene, wliich have 
possible.. For example, cellulose and Kraft paper is 
compost environment. Our formulation is to biodegrade 
pass the tests required by ASTM 6400 D99, which 
biodegrade within less than 180 days. Articles made 
noraial composting conditions and PLA-based article 
in weeks (about 6 to 8 weelcs). 



additional 



fr<m 



miy 
.gnifi< 



conventional 



demand 



wculd 



mononers 



Biodegradable polymers are comprised of components 
strength by microbial catalyzed degradation. The biodegradable 
monomers or short chains, which are then assimilated 
environment, these monomers or short chains are ultimately 
cell biomass. In an anaerobic environment the 
oxidized to CO2, H^O, acetate, methane, and cell biomass, 
direct physical contact between the biodegradable 
population or the enzymes produced by the active 
minimal physical and chemical requirements such 
concentration, proper nutrients, and moisture level 



A biodegradable composition according to the present 
weight to 97 % by weight of polyGactic acid) polymer, 
weight of co-polyester polymer with adipic acid, and 
20% magnesium silicate, each on the basis of the 
composition. 



application in a period 
components 
said biodegradable 
also be controlled 
ificantly shorter than 

plastic material^ 
been designed to last 
0 biodegrade within 
in a shorter period of 
that corapostable 
from PE would not 
degrade in compost 



present 



v^hen 



tie 



which are reduced in 
polymers at 



by the microbes. Ii an aerobic 
^O, and new 



of time that 
in the 
naterial, the 
desired 
time span 
s having the 
as long as 
days in a 
time and will 
plastic would 
under 
environment 



f>r 
83 



film or fiber 
3 reduced to 



oxidized to CO2, 1 
or short chains are ultimately 
Successful biodegrad ition requires 
>olyxners and the active microbial 
miqrobial population. Monsover, certain 
suitable pH, tempers ture, oxygen 
must be met (cf US Patent i ,020,393) 



iivention compnses 
between 0.5 % by 
qetween 1 and 32, prefi 
total weight of the 



bet^/een 40 % by 
weigfit to 35 % by 
e|:ably 2% and 
)iodegradable 
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A composition according to the present invention may bi 
respective constituents in the desired amounts. This 
method Icnown in by the skilled artisan. For example 
polyester polymer with adipic acid may be mixed in 
means of mill roll blending, and heated to a temperatifre 
knowledge in the art such tiiat at least one of tiie above-: 
essentially completely molten. 



obtained by mixing or 

be performed 
polyQactic acid) polyjner 
pure forma for example 
chosen according tc 
ihentioned components i 



Poly(lactic acid) may be represented by the following strxture: 



blending the 
accoifding to any 
and co- 
blended by 
the general 
panially or 




10 



10 



15 



wherein n for example can be an integer between 
prepared according to any method known in the state 
acid) can be prepared from lactic acid and/or from one 
or a cyclic dimer of D-lactic acid), L-lactide (i.e. a 
acid), meso D,L-lactide (i.e. a cyclic dimer of and L 
(racemic D,L-lactide comprises a 1/1 mixture of D-, and 



20 



The preparation of polyesters and copolyesters is well 
U.S. Pat No, 2,012,267. Such reactions are typically 
300 ""C in the presence of polycondensation cataWsts 
manganese diacetate, antimony oxide, dibutyl tin diac 
thereof. The catalysts are typically employed in 
million (ppm), based on total weight of the reactants (cf 



J': 



and 250. Poly(lactic 
of the art. For exampl 
or more of D-lactide (i 
dillactone, or a cyclic 
lactic acid), and racemjc 
L-lactide). 



Ipiown in the art, such a 
operated at temperatures fi 
such as titanium 
5tate, zinc chloride, or 
amounts between 10 to 1 
US-P-6,020,393). 



acid) can be 
poly(lactic 
. a dilactone, 
dimtsr of L-lactic 
D,L-lactide 



disclosed in 
omlSO'^C to 
sopropoxide, 
combinations 
)00 pans per 
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In addition to the Poly(lactic acid) and a copolyester, the 
mineral, conaprising magnesium, and/or silicate. 



a<;id 



Accoiding to anotlier approach, a composition accordin 
obtained by mixing the respective amounts of poly (lactic 
polyester polymer with adipic acid or respective amount 
of precursors of co-polyester polymer with adipic 
subjecting the resulting mixture to a polymerization 
precursors are for example lactic acid, cycUc or linear 
condensation reactions of two to fifty lactic acid units 
lactides, and may have any stereo configuration. Compositions 
acid) polymer precursors and/or precursors of co-polyestjer 
be used according to the general knowledge of a skilled 



composition is compounded with a 



ac I 



g to the present 
acid) polymer precurso|rs 
s of a poly(lactic acid) 
with or without a 
reaction. Poly(lactic 
oligomers of lactic acid 
, such as e.g. the abo^ 
made from 
polymer with adipic 
person in the art. 



applic2|tion may be 
and of co- 
polymer and 
solvent and 
d) polymer 
resulting from 
e-mentioned 
oth<tr poly(lactic 
LCid may also 



In particular, a biodegradable composition according to 
between 50 and 85 % by weight of poly(lactic acid) 
82 % by weight of polyOactic acid) polymer, in particular 
co-polyester polymer with adipic acid, and especially b 
polyester polymer with adipic acid, each on the basis 
composition. 



the present invention 
poisoner, and especially between 
between 2 and 20 % 
&tween 4 and 17 % by 
oflthe total weight of the l^iodegradable 



The biodegradable polymer further comprises between 
and 25%, more preferably between 5% and 15% by 
basis of the total weight of the biodegradable composition, 
at least one of magnesium, , and silicate, preferably co^prismg 
from the group consisting of magnesium, and si 
magnesium, and silicate. Examples for such minerals 
seems to act as filler, adds strength and impans 
can have a size of 0.2, to 4.0 |im, more preferably of 1 



5tiffrie>s 



Moreover, during the preparation of a biodegradable polymer according lo the present 



t> 



1 and 32%, preferably 
ght of mineral particle 5, 

, said mineral particl >s 
at least two 
icate, more preferablV 
e.g. montmorillonite 
For example, the 

2 jam, most preferably 



rpay comprise 
55 and 
by weight of 
iveight of co- 



between 2% 
, each on the 
comprising 
selected 
comprising 
The Mineral 
particles 
of I to 



eleiaents 



mi leral 
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reacnon 



invention an organic peroxide may be added to the 
5 % by weight, on the basis of the total weight o 
composition. 



mixture in an amount of less than 
■ the biodegradable fijial polymer 



cumyl- 



Examples for organic peroxides which may be used for 
the present invention are e.g. diacetyl peroxide, 
peroxide. Other organic peroxides known to a skilled 
organic peroxides serve as radical starter molecules inijiating 
provide connections, in particular covalent bonds, 
composition according to the present invention. 



and 



j reparing a contiposition 
hydroperoxide, 
person may be used 
a polymerixatior 
betlween the components 



Preferably less than 2 % of an organic peroxide, more 
even more preferred about 1 % of an organic peroxide, 
of the final biodegradable composition, is added to the 
1 5 biodegradable polymer composition according to the 



preferably between 0.1 
each on the basis of th^ 
reaction mixture for 
invention. 



present 



A biodegradable polymer composition of the present 
and 45 % by weight of poly(epsilon caprolactone), on 
biodegradable composition. Preferably, a composition 
by weight of poly(ep$ilon caprolactone, more preferabl|r 
poly(epsilon caprolactone), on the basis of the total 
polymer composition. In particular, an addition of 
advantages when film or coatings are prepared according 
add improved flexibility and allow one to make a clear© - 



Moreover, a biodegradable polymer composition may 
ester, more preferably between 0.1 and 4,5 % by wei 
total weight of the biodegradable composition. The 
sulfonic acid or a phosphoric acid having e.g. between 2 
aliphatic (having branched or linear chains) and/or 
said mono ester can be a mono ester of a compound 



according to 
dibenzoyl 
IS welL The 
and help to 
present in a 



and 1.8 %, 
total weight 
producing the 



compr se 



intention may also 
the basis of the total 
nay comprise between 
between 21 and 35 % 
weight of the biodej^adable 
3oly(epsilon caprolact 
to the present invent 
, more transparent film. 



farther comprise up to 5 
gl:t of a mono ester, on 
m<)no-ester may be a car 
and 20 carbon atoms 
aromatic strucmral units, 
at least two ca|ri 



CO Tipnsmg 



between 5 
weigjit of the 
20 and 40 % 
by weight of 
final 
0 provides 
on. PCL will 



:cne) 



% of a mono 
basis of the 
ic acid, a 
comprising 
In particular, 
boxyl groups 



tl-e 



boxyl: 



and 



26-FEB-04 16:56 Von-Patsntanwaelts Backer Kurig Straus +49 89 746 303 11 T-855 S. 009/023 P-750 



8 



and/or may be for example chosen from the group 
particular, an addition of a mono ester can be useful 
formulations. This will serve as a processing aid and 
abuse. 



consisting of adipic acid and 
v^hen formulating 
will protect polymers 



Additionally, a biodegradable polymer composition 
comprise one or more plasticizers. A plasticizer as useji 
present invention, as well as the thereof resulting - 
associated with essentially no or only low environmental 
10 a composition of the present invention the respective 
will not or essentially not be polluted. Plasticizers for 
present invention can therefore be for example naturally 
plasticizers are e.g. organic citrate esters (cf US-P-5,55f 



be 



of the present inventibn 
in a composition according 
ation products should 
risks, such that upon 
where the degradati^ 
in a composition acc 
occurring compounds 
,905). 



sre 



use 



15 Depending on the specific applications desired, 
present invention may also comprise additional 



art, such as e.g. naliiral coloring agents, additional 



In addition, a composition according to the present i 
20 material, such as e.g. paper, composite material, plastics 



The present biodegradable polymer composition may 
should not be restricted to those the exemplarily 
applications in the medical field, such as e.g. for sutures 
25 print industry are conceivable. 



Tte 



A composition of the present invention may be used 
such as e.g. molded articles and/or extruded articles, 
article") as used in the present invention comprises 
30 process (or an extrusion process). A "molded article" (< 
of another object, such as e.g. an insert in a containet 



lactic acid. In 
injection molding 
thermo- 



fi om 



can also 
to tiie 
preferably 
di^gradation of 
takes place 
3rdjng to the 
Examples for 



10 \ 



a biode tradable polymer comppsition 
additivps or components well 
polynjieric compounds; 



invention may also be applicjd on a carrier 
metal, wood, etc. 



oe used for various applications and 
disclosed herein. For Example, also 
, and drug release matrfces, or in the 



^or the production of 

term "molded article" 
alrticles made according 
pT "extruded article") 
or a knife blade or 



of the 
mown in the 
cellulose, etc. 



valnous articles, 
(or "extruded 
to a molding 
also be pail 
fcfrk insen rn a 



C2n 
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A molded article according to the present invention 
which biodegradable composition comprises between 4(i 
acid) polymer, and between 0.5 and 35 % by weight 
acid, each on the basis of the total weight of the 
biodegradable composition for an molded article accc 
comprise between 50 and 85 % by weight of 
between 55 and 82 % by weight of polyOactic acid) 
% by weight of co-polyester polymer with adipic acid, 
weight of co-polyester polymer with adipic acid, each 
biodegradable composition. As outlined in detail before 
of such molded articles can comprise in addition to the 
particles comprising at least one of magnesium, and 
ester(s), and/or natural plasticizer(s). 

Examples for various molded article are utensils, 
containers, cups, foam material products, and pots. 



con^rises a biodegradable 
and 97 % by weight 
co-polyester polymer 
composition. In 
rding to the present 
acid) polymer, at 
\ in particular betw 
especially between 4 
the basis of the total 
the composition for th 

•mentioned components 
silicon, organic perox[de(j 



(►f 



biodegradable 



poly(ljictic 
pol;aner 



and 



OQ 



a 3ove 



When preparing an injection molding formulation, a 
invention may be used, which comprises between 80 
acid) polymer, between 2 % and 10 % by weight of cc 
and less than 5 % by weight of mono ester, and more 
weight of poly(lactic acid) polymer, between 3 % to 8 
with adipic acid, and between 0.1 and 4% by weight 
between 85 % and 90% by weight of poly(lactic aci< : 
weight of co-polyester polymer with adipic acid, and 
ester, each on the basis of the total weight of the 



30 Ahematively, an injection molding formulation can 
weight of poly lactic acid polymer, between 5 % and 15 



composition, 
c f poly(lactic 
with adipic 
particular, a 
iifcvention can 
d especially 
sen 2 and 20 
and 17% by 
' veight of the 
preparation 
mineral 
s), mono 



forks, spoons, knives 



to 



frefe 



composition according 
% and 97% by weight 
■polyester polymer with 

brably between 82 
/o by weight of co-poly 
of mono ester, and m«l)st 
.) polymer, between 5 
bitween 1 and 3 % by 
biodeg] adable composition. 



W( :i 



comprise between 50 % 
% by weight of co 



chopsticlcs, 



the present 
jf poly(lactic 
adipic acid, 
and 95% by 
iSter polymer 
preferably 



Vo to 7 % by 
Lght of mono 



and 75 % by 
poWester polymer 
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with adipic acid, between 10 % and 30 % by weight of 
one element selected from the group consisting of magnteium, 
by weight of organic peroxide, more preferably between 
lactic acid polymer, between 8 % and 12 % by weight 
acid, between 15 % and 25 % by weight of mineral partl|cle5 
selected from the group consisting of magnesium, and si 
weight of organic peroxide, and most preferably betwee|i 
lactic acid polymer, between 9 % and 1 1 % by weight 
acid, between 18 % and 22 % by weight of mineral particles 
selected from the group consisting of magnesium, and 
organic peroxide, each on the basis of the total weight of 



w<;i! 



lei 



^nineral particles compr 
and silicon, and 
55 % and 70 % by 
>f co-polyester polym 

comprising at least 
icon, and between 0.1 

58 % and 67 % by 
of co-polyester polymei 
comprising at least 
l)etween 0,5 and 1,0% 
the biodegradable 



invmtion 



An extruded article according to the present 
composition, which biodegradable composition comprise s 
poly(lactic acid) polymer, and between 0.5 and 35 % by 
adipic acid, each on the basis of the total weight of 
particular, a biodegradable composition for an 
invention can comprise between 50 and 85 % by weij 
especially between 55 and 82 % by weight of poly(lactic 
2 and 20 % by weight of co-polyester polymer with 
17 % by weight of co-polyester polymer with adipic 
weight of the biodegradable composition. As outlined 
the preparation of such molded articles can comprise 
components mineral particles comprising at least one 
peroxide(s), mono cster(s), and/or natural plastici2er(s). 



extruc ed 



|ht 



i adipic 



Extruded articles may be for example films, trash bags, 
pipes, drinking straws, spun-bonded non-woven itiaterials 



30 When preparing a formulation intended for Blown Filnji 
to the present invention may be used which comprises e 



sing at least 
l^ss than 2 % 
ight of poly 
with adipic 
one element 
jnd L8%by 
w jight of poly 
with adipic 
one element 
5y weight of 



comj fosition. 



comprises a 
between 40 and 97 % 
weight of co-polyester 
the biodegradable 
arricle according tc 
of poly(lactic acid) 
acid) polymer, in 

acid, and especially 
acid, each on tlie basii; 
in detail before, the 
in addition to the abo 
of magnesium, and 



tiodegradable 



grocery bags, container 
, and sheets. 



Extrusion, a 
g, between 40 % and 6( 



coi iposition. 



by weight of 
>olymer with 
In 

the present 
olymer, and 
particular between 
bjetween 4 and 
of the total 
for 

/e-mentioned 
sillicon, organic 



co: nposition 



sealing films, 



composition according 
% by weight 
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between 



frcm 



perox id 



selec ted 



of polyGactic acid) polymer, less than 5 % hy weight c f co-polyester polymer 
acid, between 20 % and 40 % by weight of poly(epsilon caprolactone), 
10 % by weight of mineral particles comprising at least (wie element selected 
consisting of magnesium, and silicon, less than 5 % by weight of organic 
than 10% by weight of plasticizer, preferably between 45% and 55 % b 
polyGactic acid) polymer, between 0.1 and 4.5 % by ^^^eight of co-polyester 
adipic acid, between 22 % and 35 % by weight of poly(ep$ilon caprolactone), 
and 9 % by weight of mineral particles comprising at 
group consisting of magnesium, and silicon, between 
peroxide, and between 0.1 and 8 % by weight of plasti 
and 52 % by weight of polyGactic acid) polymer, bejween 1 and 4 % by 
polyester polymer with adipic acid, between 25 % and 30% by weight of 
caprolactone), between 7 % and 8 % by weight of min^xal particles comprisinj; 
element selected from the group consisting of magnesium, and silicon, between 
weight of organic peroxide, and between 0.5 and 6 % )y weight of plasticizer 
basis of the total weight of the biodegradable composition 



east one element 
6.1 and 4,5 % by wei 
cizer, more preferably b 



63 



A formulation for producing a flexible film on the bas 
present invention can comprise between 40% and 
polymer, between 15 % and 35 % by weight of co 
between 10% and 20% by weight of mineral partic 
selected from the group consisting of magnesium, and si 
organic peroxide, preferably between 43 % and 57 % 
between 20 % and 30 % by weight of co-polyester pol; 
and 18 % by weight of mineral particles comprising a 
group consisting of magnesium, and silicon, and between 
peroxide, more preferably between 45 % to 52 % by 
between 22 % and 27 % by weight of co-polyester 
and 17 % by weight of mineral particles comprising 
group consisting of magnesium, and silicon, and 
peroxide, each on the basis of the total weight of the 



a: 



between 



with adipic 
5 % and 
the group 
le, and less 
f weight of 
polymer with 
)etween 6 % 
from the 
of organic 
ibtween 47 % 
ght of co- 
poly(epsilon 
at least one 
I and 4 % by 
each on the 



glit 



\sei 



poly 



Ls of a composition ai 

% by weigjit of 
-] polyester polymer with 
es comprising at least 
licon, and less than 5 Vc 
weight of poly lactic 
oner with adipic acid, 
least one element sele 
0.1 and 4,5 %by wei 
weight of poly lactic 
poller with adipic acid, 
least one element 
1 and 4 % by 
biddegradable compositior 



cqording to the 
lactic acid 
adipic acid, 
one element 
by weight of 
icid polymer, 
between 12 % 
;ted from the 
;ht of organic 
icid polymer, 
jetween 14 % 
from the 
wei±ht of organic 



selected 
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Articles of the present invention produced on the basis o: 
or a flexible fibn formulation are for example films for 
groceiy bags, or films for sealing containers. 



a blown film extrusion formulation 
bags, such as trash bagp, as well as 



A formulation for a profile extrusion process on the basis of a composition accDrding 



12 % by weight of mir eral 



present invention can comprise e,g. between 65 % and 

polymer, between 10 % and 20 % by weight of co-pol> 

between 2 % and 15 % by weight of mineral particles comprising at least 
10 selected from the group consisting of magnesium, and silicon, preferably betwe 

80 % by weight of poly(lactic acid) polymer, between 12 % and 18 % by 

polyester polymer with adipic acid, and between 3 % an< ^ 

comprising at least one element selected from the g oup consisting of 

silicon, more preferably between 70 % and 77 % by jveight of poly(lactic 
15 between 14 % and 17 % by weight of co-polyester po 

4 % and 10 % by weight of mineral particles comprisir g at least one element 

the group consisting of magnesium, and silicon, each oa the basis of the total 

biodegradable composition. 



85 % by weight of pol 
ester polymer with adit>ic 



maj ;nesium, 



a<id) 



20 Articles according to the present invention made from 
for example drinking straws and pipes. 



the 



A formulation for a themioform extrusion process on 
the present invention can comprise between 75 % and 
25 polymer, between 5 % and 15 % by weight of co 
between 5 % and 15 % by weight of mineral partic 
selected from the group consisting of magnesium, and 
organic peroxide, preferably between 78 % and 84 % 
between 7 % and 12 % by weight of co-polyestcr polynie: 
12 % by weight of mineral particles comprising at leasi 
consisting of magnesium, and silicon, and between 



by 



a Profile Extrusion Fo mulation arc 



basis of a compositioi . 
85 % by weight of po 
'])olyester polymer with 
es comprising at least 
silicon, and less than 5 °/ 
weight of poly(lactic 
;r with adipic acid, 
one element selected 
1 and 4.5 % by wei 



to the 
(lactic acid) 
acid, and 
one element 
en 68 % and 
eight of co- 
particles 
and 
polymer, 
and between 
selected from 
jveight of the 



according to 
y(lactic acid) 
adipic acid, 
one element 
» by weight of 
cid) polymer, 
7 % and 
the group 
of organic 



betA^een 



f om 



fht 
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peroxide, more preferably between 79 % and 83 % by 
between 8 % and 1 1 % by weight of co-polyester polymcji 
1 1 % by weight of mineral particles comprising at least 
consisting of magnesium, and silicon, and between C 
peroxide, each on the basis of the total weight of the 



30 



>|/eight of poly(lactic ac 
r with adipic acid, 
(|>ne element selected 
5 and 4% by weigh 
biodegradable composition 



Articles according to the present invention made from 
e.g. sheets for producing cups, plates and bottles and oth 
the food service industry. 



a thermoform extrusioi 
sr objects, which could 



In addition, the present invention provides a process of 
biodegradable composition, said process comprising the: 
composition comprising between 40 and 97 % by weigiht 
between 0.5 and 35 % by weight of co-polyester polymer 
of the total weight of the biodegradable composition 
composition to a process selected from the group 
extrusion, profile extrusion, and thermofoim extrusion. 



consismg 



Injection molding, blown film extrusion, profile 
20 processes Icnown to a skilled person and are 

Encyclopedia, Published by McGraw-Hill, hic. -mid- 



descrited 



DESCRIPTION OF THE CURRENTLY PREFERRED 

25 The present invention will be described now in detai 
limiting examples given by way of an example only. 

Example 1 

Injection molding formulation I 



An injection molding formulation is prepared which coiriprises 



d) polymer, 
betw|een 8 % and 
the group 
of organic 



frcm 



method are 
3e outside of 



producing an article 
steps of providing a 
of poly(lactic acid) 
with adipic acid, each 
and subjecting said \ 
of injection moldin j 



omprising a 
t|iodegradable 
olymer, and 
on the basis 
iodegradable 
, blown film 



extnision and thermoform 



for example in 
l-Obtober 1991 edition. 



EMBODIMENTS 



on the basis of the fciUowing non' 



extrusion arc 
Mddem Plastics 



26-FEB-04 16:59 Von-Patentanvael te Beckar Kurig Straus ^^49 89 746 303 II T-855 S. 015/023 F-750 



30 



14 



94 % by weight poly(lactio acid) polymer 
5 % by weight (co-polyester polymer with adipic acid) 
1 % by weight Zinc stearate 



Then. 



5 The above-mentioned compounds are mixed by 
temperature of 160 *C during about 2 to 10 minutes 
injection molding device at a temperature of about 160 
temperature of about 20 ''C in order to obtain an injection 



10 Example^ 

Injection molding formulation n 

An injection molding formulation is prepared which con|prises 
74,5 % by weight poly (lactic acid) polymer 
15 5 % by weight (co-polyester polymer with adipic acid) 
20 % by weight of magnesium silicate 
0.5 % by weight of 2,5-Dimethyl-2,5-di(t.butyl peroxy) 



The injection molding formulation is prepared as detailed 
20 products may be obtained according to the steps lined 



out 



Example 3 

Blown Film E3rtrusion Formulation 
25 A blown film extrusion formulation is prepared which c jmprises 



55 % by weight poly (lactic acid) polymerO to 1 5 % by 
adipic acid) 

25 % by weight (poly cpsilon caprolactone) 
4 % by weight of magnesium silicate 
1.0 % by weight of 2,5-Dimethyl-2,5-di(t-butyl peroxy) 
1 5 % by weight of tributyl citrate 



of extrusion ci 
L, the resulting mixture 
°C and is injected into 
molded cup. 



ompo|unding at a 
is filled in a 
a mold at a 



lexane 



in Example 1 and injection molded 
; in said Example 1. 



weight (co-polyester polymer with 



hexane 
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The resulting mixture is filled in a blow film extrusion 
having a thickness of 10 \xm - 90 m is obtained whic|i 
bags. 

Example 4 

Flexible Film Formulation 

A flexible film formulation is prepared which comprises 

70 % by weight poly (lactic acid) polymer 
19 % by weight (co-polyester polymer with adipic acid) 
10 % by weight of tributyl citrate 
1 % by weight of 2,5-Dimethyl-2.5-di(t-butyl peroxy) 



he Kane 



The above-mentioned compounds are mixed by twin 
mixture is filled in a extrusion device at a temperature 
having a thickness of about 1 0 mm is obtained which 



Example 5 

Profile Extrusion FormulatioD 

A profile extrusion formulation is prepared which compises 



25 75 % by weight poly lactic acid polymer 

20 % by weight of co-polyester polymer with adipic aciA 
5 % by weight of magnesium silicate 



The above-mentioned compounds are mixed by twin 
30 mixture is filled in a profile extrusion device at a tempjerature 
obtained which may be used as a drinking straw. 



device and a self-sup porting film 
may be used for trash or grocery 



screw compounding 
jf 160 °C and a self-i 
may be used for sealing citntainers, 



lie resulting 
film 



su sporting 



screw compounding 
of about 160 



the resulting 
and a tube is 
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Example 6 

Thermoform Extrusion Formulation 

5 A theimofonn extrusion formulation is prepared which cj)mprises 

75 % by weight poly lactic acid polymer 
15 % by weight of co-polyester polymer with adipic acid 
9 % by weight of magnesium silicate 
10 1 % by weight of 2,5-Dimethyl-2,5-di(t-butyl peroxy) 



b^xane 



The above-mentioned compounds are mixed by twin 
mixture is filled in a thermoform extrusion device at £ 
liaving a thickness between 0.1mm to 45mm is 
1 5 cups, plates or bonles. 



screw compounding. 'The resulting 
temperature of 160 ^C: and a sheet 
obtaiiled which may be useq for forming 



Numerous modifications and variations of the present 
above teachings. It is therefore to be understood that 
the invention may be practiced otherwise than as 



nvention are possible 
witjam the scope of the 
specifibally described herein, 



11 



light of the 
appbnded claims, 



